Two-Channel Stereophonic

Sound Systems

By F. H. BRITTAIN® AND D. M. LEAKEY*, 8.3c

Basic Requirements for Realistic Sound Location

THE aim of a perfect stereophonic sound-
reproducing system is o create for the listeners o
simsllar sound lﬁ:mu: in correct aural per tive
to that which they would have if traneported o an
ideal position from which m hear the original
sounds,  Although this might be possible using a
maulti-channel system, two channels can, at the best,
only recreate the original sounds in correct aural
perspective over o limited distance bounded by the
two loudspeakers. This is;, however, a hig improves
ment over the reproduction available from & single
channel asystem amd results in o considerable
increase in realism and clady of the reproduction
aonisd.

The article considers firap the lar infor-
mation used by the beain for the locatlon of sounds
and from a study of this information a two-charnne]
aystemn s devised  In particular a simple method
is given for correcting [or various lstening positions
ﬂlﬁ it is also shown that the re s0Un
image {8 more accurately positi il arrival time
differences are overruled and the sound is posi-
tinned by imtensity differences only.

Informeation  Available for Sound Location.—This
subject in dealt with fully in the Herature (see, for
cxample, refs. 1, 2, 3. Summarizing the ings
of the numerous measurements made it can be said
that the brain appears to make use of the following
Fackors:—

(i) Relative loudness of the sound a1 the two cars,

(i) DHferences in the sound spectrum in the twa

CHra.

(i) Relative time of arrival and relative phase
e o -

{iv) = guakity B ROUFSE &8 coffipa
with previous knowledge of the quality of &
similar source.

(v] The dilferences both i
arrival of the direct
sonenad.

wality and time of
with any refected

Far left-right perception factors (1), (i3, and ¢l
appeat 1o be the imost important whilst fromi-back
P:mrpﬂnu and distance perocption rely mainly on
sctors (v and (v},

akn can make use of all the information
supplied 1o It by the ears and the best sound boca-
tion ooeurs when all the information is in the same
sense, As an example of infermation in a contra-

i sense, [ o very live room the reverberation
may louder than the direct sound and arrive
from a dilferent poaiton, but by taking into sceount
the late time of arrival of the reverberation the brain
i% ahle to ignore the reverberation and to ascertain
the true position of the souwrce of spund  This
position will act be guite as well del’hn:lnll_nrmﬂl
I'_El.:dd" Lebarsiorks of The Cevesd Blecsrk Os, Lad,

Fo i)

have been with o reverberation, bur It will still he
Iutlrilzt-m“mrlhlt.
Helore desc any sieteophonic systems, one
;In_mn: of possible confusion should be sertled
hroughout these descriptions the term * time
difference ™ hetween two sounds will be wsed, and
no use of the term " phase difference ® will be made,
This is because the first is meaningful to random

and transient sounds and for repevive
waves, whilst the second is relatively ingghess
For randoem and tronsicnt sounds but £ to

repetitive waves.  Since directional location and
stefeophonic effecia are very much bener for
random and iransient sounds the time differsnes

Two-channel system,—Fig. (17 shows
the layout of an experimental two-channel ayatem
sel-up 1o investigate various effects. [t is necessary
o “l?ﬂu because whilsy

is made larges or smaller, Tt was decided an the
olteet that an sttetmpt wonld be made to obin
stereophonic reproduction over 8 front of ten fes
and that the listener should be situated somewhers
on @ line ten fect long and rl;]h: feet or more away
from the base line of the two loudspeakers,

The first experiment was fo pscertain the extent
w which two loudspeakers, placed ten feet -m
7 o liener s possion L T e )

A listener from
bath loudspeakers und facing the centre of the lowd-
speaker base line. Tt was found that the souwnd
bewels from the two boudspeakers equal the Hstener

an apparent single soirce stradphit
front of him. Extreme movement of the head by
the listener tended 1o produce a splitting of the sound

=2

image into two separate sources, but fortunately this
effect is not serious unless the listener s el
trying to Hsten to each of the loudipeakers i
pendenily.

Mow if the observer moves from Hstenkng tion
L% tn position LY, then the virtual image

moves towards one side, in this case towards 1LSA,
This Is as would be ex asince LSA
nearer the listener than LSB, and hence the inten-
:Hyﬂdwmuﬂfml.!&hmmmdh-n
arrival time in advance of that L5B. This is
the masl sefieis and the most aften encountered
fault in wo-channel onle systems. It
means that the system works correctly only for
listening  positions on the centre line between the
1w I;:hpnhu-l However, within limits this fsult
can be compensated for by the use of directional
lowdspeakers,

Considering listening position L1 with both loud-
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speakers radisting the same random sound ai the
same level then

Distance LSA 0Ll - b
Distance LSB oo L1 = 4/ b' 4 42

. At listening position L1 the snd intensity due
wﬁﬁﬂhmmmnmmmmﬂhmc

FySteTR i
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ree room. I ihis dest e LA and
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Ao the sound from LSA will be in time advance

compared with the sound from LSB by an amount
wyb' + da' — b

the distances are measured in feet, the

?ﬂhﬂmpmﬂdhlﬂlﬂ .:Ll.'cucn.;n
wch correction has been foensd for time
up o o maximum of shour five milli-

scined image becomes less well defined and compen-
sation for time differences greater than ten malli-
seconds  hecormes impossible since the sound then

splits wp inbo rwo distine sources.

lglmen.bm:mtmuduu.r.hudm o
chilaln good & line
piﬂ:l.mlh: aker hase as well as for the

pmmnnl, However, wsing this

ﬂml: I.m;lmh::ur m,ﬁmﬂm
T4 8 A

the corrected line and hence it 18 pos-

ﬁummﬂmmnmuhﬂnﬂmutnﬂuﬂmﬁn

Experimenial Resulis—The 1es1 procedure was as
WmnLess Wosrn, May 1956

sound appeared to come for different relative sound
levels from the two loudspeakers. The sound con-
sisted of a short of speech of a few seconds
duration only. )} shows the resulis of these

it being the average for a
number of listeners, each listencr making several
determinations for a varety of conditions of differ-
ences between the lowd er sound levels.

The test was then repeated with the Usteners in
turn in position L1, the resuls being shown in Fig.
ik, ot that in this case of ® offset™ Lstening
the aound intensity at loudspeaker LSB was always
greater than that at LSA bur that the overall shape
of the curve is the same a3 thar for the central
latemng position but displaced, As a result of these
and other tests for the other listening positions it
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was shown that good definition was possible along
the complete listening lise,

I!thnul Loudspeakers.—The above experi-
miental results enable the required ratio of the sound
intensitiea  from the loudspeakers teowards each
listening position 1o be B0 A8 10 cofrect
for aff-centre listening. As has been indicated, this
changing ratio as the listener moves from L1 o L3S

can produced by the use of directional loud-
speakers, i the cenral position for
the virtual soumsd which is justified since the

sl image position ity ratio curves were all
similar in shape, the requirements o be met can be
summarized asi—

(1) The sound must remain at Y3 for listen-
g positions L1 w LS,

Fig. 4. Directional

¥i g

SoeD IMAGE POSITION
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Flg. & Mavemsant of the sound of the cencral
fistening positien L3 by the introdection of 2 time di fference
between the oulputs the o lowdbeukers,

4 L]
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{2} The loudness of the virtual sound image must
vary as the observer moves, just as if there was an
l:tfgnl#urﬁu:iuuﬂ at V3, S

i The peaker radintion outside the Tange
directed towards the audience must be reduced as
much as possible to prevent undesirable reflections,
Fefections are undesirable, since with rwo bad-
Tuk:nﬂu reflections are very liable to be come-
pletely different from those which would arise from
a i source, This could provide the brain with

o suggest A splitting of the
sound image.

3 shows the variation in the sound intensity
reg from cach of the two loudspeakers in the
directions of the Hsteming positions to satisfy the
nthu:w:drnqui:unm Flg.'llhmlhﬁll#

ted &% & polar respomnse n-rmwlﬂﬂhpﬂkﬂ e
E‘h‘upulnru e should be indepemdent i
frequency; & i

cffect docs not deteriorate badly if the directionality
ol the loudspeakers ceases below about 300 ¢ /s and

a lower limit of even | ke/s provides ¥ery accepi-
able resulis.

Ioudspenker, the sound image moves owards

ather loudspeaker as illustrated in Fig. 5. In addition
o method emploving a combination of intensity amud
time difference could be used and fs in facr free
I:l:.l!:l'lflj-' encountered. It has been found, however,
that a sound image moved by an intensity difference
between the sound outputs from the loudspeakers
remains far sharper and better defined than one
where time delay is employed  From Fig, 5 it will

Fig. . Camplete twa-channe! iteniobbanic sysmaim,
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in dirsctine af indicated found
ng of saund imapss,

imental systermn o time
- of about four millisecomds was necessary 1o
aver toone loudspeaker. Mow
consider the case if the sound had been repetitive,
gy with n frequency of 500¢/s., With the loud=
speakers radinting the same signal both in imtensicy
andd timee, the virtual sound image would have been
half-way berween the loudepeakers. On applying a
time delay o one loudspeaker the mage would have
moved towards the other | aker; however,
had the delay been increased o two  milli-

[Le; one period of the waveform) consditions
would have returned o the saie of no delay and
ihe sound Image would have returmed o te central
Wow i the sound had been random or
transkent in nature it would have remsined displnced.
Hence lor o sound like n pinno note which has both
& transdent part and a faidy steady repetitive com-
ponent comssderable ambdgudry wold exist as w the

ity levels of the sounds fram the
erred,
Since it has been shown thar the inputs 1o the twa
erd should have a difference of level anly
and nod of arrival time, it follows thar the two pick-
up microphones should be placed close together
avoed time ditferences. This in turn calls for some
form of directional characteristic or * shadowing ®
in order thar the microphones may differentiane

_Hwn:n,luund arriving from the lelt or the righ

investigating the methods by which these
charncteristics cun be prodweced, 5t is

.“,tnﬂrﬂuinllmcmtdiurliuu] charac-

terisics pequired. Referring 1o Fig. 6, it s neces-
sary o line up the wirual sound mmages positions
Aotk posions S1 o S 3 the pickoup € of st
OPDE L] at t

] The ratie between the mn.nﬂ intenaities

{n)

{s)
Fig. 4. Polar nﬂronlz cuvves for micr net for b
Jected pick-sp angle (o) of #0° and (&) of 807,
FICE-UF RASLE
Fig. 9. Srevesphom:
sn{wm' pick-up  using Al “uﬁ'?‘.!"
artiBciol
el
v
Mﬂll [ 1
Fig. 18. Srereaphonic
raund i
oy e

Fig. 7 shows the necessary microphong pesponses
which satisfy these requirements, Working from
Fig. 7 the necessary polar response disgraoms can be
drawn, ‘Two particular examples are shown in Fig
&, the first being for a plckap angle of %07 and the
second for a pickup angle of 60°,

Omne of the methods of obtaining the necessary
A% ig o mount two omni-directional ms

FESpHMISE M=
phones in place of the ears in an amificial bead as
shown in Fig. %. Such a sysiem depends mainly on

intensity  difference operated at high frequencies
only. Tmme differences 1:||.l1|| lintle part since the
maximum time diference which can be obiained
fromm & head of average rize s only abour 008 milli-
seconds and, a8 can be seen from Fig. 5, this amount
produces little movermsent.
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Fige M. Stereaphenic seomd prck-up weing directianal

micraphonas,

A somewhat similar method shown in Fig. 10 has
been developed using o flat * shadow disc ™ between
pressure operated phones which are otherwise
close together. The effect of the ™ shadow ™ af the
diec is again largely influenced by frequency. Tha
system tends to produce excessive differences ar high
frequencies and  imadequate  differences at  low
fr Fmﬂ'ﬂ

rectional microphones placed close together as
!!h-n:'i im Fig. 11 give the most satsfactory pick-up

* GUEC. wystem and EML L Stevenmonic e

A responae independent of (requency. Ribbon
: i can be loyed, burt if these are used
with axes et at 90" the angle of pick-up is

limited to about 80° for correct positioning of the
sound images. A grear advantage obtained by the
directional 3 rr.r the artificial
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Transistor Digital Computers

MEW BINARY CIRCUIT TECHMIQUES DESCRIBED AT LEE. CONVENTION

WH'EH the thermionic valve was introduced into
digital computing it made possible machines of
remarkable versatility and trememdous speed of
operntion but alse brought with it a number of dis-
ldml::gl:n. These were perhaps not ohvious in the
El.r]j days, but now, with hundreds of digital com-
Lers hli:l:l‘ aold as commercinl products, they are
i o make themselves felt a little more.
begin with, the valve has a certain mte of
failure aned limination of life. This nak be wery
impartant in A domestic broadcast o bt i a
digital computer, cominining anything betwesn 300
aned 3,000 valves, it becomes of considerable nuisance
value (a graph in another article in this issue (page
231) glves some idea of how relabiliey of agm;m:m
decreases with aumber of components).  Secondly,
wh::dmwﬁﬁhm_ ed IE:IL' ﬂmund]mi;lm are
massed & in @ single equipment they generare
deal of h:lt_, and so threaten the reliability
of other compoRenti—not to mention the kilowaits
of electric power consumed In the process.  Thirdly
there is the unecomomical size of valves [or

computing operations; considering thar most of
do little mwore than act as simple two-state elemenis

take ip & UhRecésary amount of space,

1 is only w be expected, therelare, that altermative
devices are being sought thar will overcome thess
particular disadvantages, At the moment there are
two principal ones—the transistor and the rwo-stane
magnete core, Bmhmmu]l-rquwm
very little heat, are efficient in operaton AppEar

20

m“huw A X ul:mu} dﬂﬁ o fas g

tell at present n addition aperuic

from o single source of power of only & few volis,
The pousibilities of these devices, and methods

xm::-Wmmm

were papers on special computing circulns wing com-
hul'E::u of transistors magnetic oo,

It was interesting to note that both of the complete
machines relied principally on point-contact tran-
gispors for the computing circuies, and it seems that

these dewices are still regarded very ¥ by the
ter people, cven w:rﬂ:-h%lllulm
obsolete.  The properties

compar
virtually dismissed them as
of the :r.ruu_hmrwu:,fz
o a8 being suitable for pulse and switching
the first place there was a frequency

be usexd to glve a r?'l!l'ﬂ'l.llvc cha:z—w:r cthon |
8 Two-siate circud Eﬂ'ﬂlﬂﬂ: o w-.-h«.ﬁ
used in binary computing).*
Unfortunately the point-contact ransstor proved
e
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